Background: Efficacy of maintenance therapy in ulcerative colitis (UC) in the remission stage has been reported to depend on release profile or dosing regimen of oral 5-aminosalicylic acid (5-ASA) products used. Aim of this study is to investigate real life results in using oral 5-ASA products for maintaining mild to moderate UC patients in Japan.
Background
Ulcerative colitis (UC) is a diffuse non-specific inflammatory bowel disease of unknown cause, characterized by erosions and ulcers in the large intestine. Since designation in 1973 as a specified disease (intractable disease) by the Ministry of Health and Welfare (at that time) in Japan, the patient population has been growing and exceeded 160 thousand patients in 2013, as estimated based on the number of medical care certificates and registration certificates issued [1] .
The medical therapy for UC involves remission induction in the active stage and remission maintenance after induction has been achieved. The Guidelines for Treatment of Ulcerative Colitis 2014 (internal medicine) [2] recommend remission maintenance with 5-aminosalycilic acid (5-ASA) products (oral agent, enema, suppository), as well as immunomodulators (azathioprine, 6-MP), infliximab infusion, and adalimumab subcutaneous injection. Among these drugs, 6-MP has not been approved UC in Japan. For infliximab and adalimumab, scheduled maintenance therapy is recommended only for cases that achieved remission induction with the drug.
In Japan, the following 5-ASA products are approved and widely used as first-line drugs for treatment of mild to moderate UC: Salazopyrin® (salazosulfapyridine) tablets, approved in 1969; Salazopyrin® suppositories, in 1981; Pentasa® tablets, 1996; Pentasa® enema, 2002; Asacol® tablets, 2009; Pentasa® suppositories, 2013; and Pentasa® granules, approved in 2015. After remission induction has been achieved, 5-ASA products are continued for remission maintenance. 5-ASA products are superior to placebo for maintenance therapy [3] . Regarding doses of 5-ASA products in remission maintenance, one study has reported that continued use of the same dose as used for remission induction led to long-term remission maintenance [4] , while another has reported that remission maintenance rate and patient satisfaction with prescription differed depending on the dosage and frequency [5] .
Aim of this study is to investigate real life results in using oral 5-ASA products for maintaining mild to moderate UC patients in Japan. In addition, risk factors for relapse during the observation period were also investigated.
Methods

Study population
Among UC outpatients who visited 379 medical institutions in Japan between July 2012 and July 2013, those diagnosed with mild to moderate active-stage UC or remission-stage UC based on the Diagnostic Criteria in Ulcerative Colitis (revised on February 13, 2010) [6] and receiving remission induction therapy or remission maintenance therapy with oral 5-ASA products (Pentasa® Tablets, Asacol® Tablets, Salazopyrin® Tablets, and generics of these drugs) were included in the study. The patients were enrolled in sequential order at site visit. The following patients were excluded from the study: severe/fulminant active-stage UC patients, patients undergoing total/subtotal proctocolectomy, patients complicated with a malignancy, pregnant or potentially pregnant patients; and others judged ineligible by the investigator or subinvestigators.
Patient observation and evaluation
The efficacy for remission maintenance was evaluated during the observation period, at enrollment, week 26, and week 52. Patients observed for longer than 52 weeks were included in the analysis of evaluation at week 52.
At enrollment, patients were examined for the following demographics: age, sex, height, weight, month and year of diagnosis, classification of disease type based on the extent of lesion (total colitis, left-sided colitis, proctitis, others), classification by clinical course (first onset type, relapse-remitting type, chronic continuous type), smoking habit, drinking habit, employment status, and complications. Clinical course was classified as follows: one attack only; relapse-remitting type, in which the relapse and the remission are repeated; chronic continuous type, in which the symptoms persist for >6 months from the onset. Drinking habit was classified as follows; No habit; once a week and less, Habit; twice a week and more. Smoking habit was classified as follows: No habit; non-smoker, Habit; smoker and ex-smoker. The complications were intended for all diseases. Patients diagnosed with UC in the remission stage at enrollment were also examined for the duration of remission maintenance until enrollment.
At enrollment, week 26, and week 52, patients were evaluated using partial UCDAI (pUCDAI) consisting of stool frequency, bloody stool, and physician's global assessment (PGA), which was designed using the UC disease activity index (UCDAI) by Sutherland, et al. [7] as reference. This was a 4-point scale from 0 to 3 (maximum total: 9), with higher score indicating severer symptom. The results of endoscopy, if performed, were also evaluated on a 4-point scale. The pUCDAI was reported on the case report form. Disease stage (remission, relapse) was judged by attending UC specialist.
If prescription of an oral 5-ASA product was changed during the observation period, the name, dose, and frequency of the drug as well as the reason for the change were recorded. If the disease stage or prescription of an oral 5-ASA product was changed, changes during the observation period from enrollment through week 26 were documented in the evaluation at week 26, and those during the observation period after week 26 were documented in the evaluation at week 52, based on the data in the patient's medical record. The adherence to medication of oral 5-ASA products was investigated using a visual analogue scale (VAS) of a questionnaire on adherence to medication of oral 5-ASA products (Additional file 1). Aim of this study is to investigate real life results in using oral 5-ASA products for maintaining mild to moderate UC patients in Japan. Because We did not acquire the safety data.
Study endpoints
The primary endpoint in the present study was the percentage of patients who maintained remission throughout the observation period until week 52 (remission maintenance rate). Remission maintenance rate was calculated by totaling the percentage of UC patients in the remission stage at enrollment who maintained remission throughout the observation period and the percentage of UC patients in the active stage at enrollment who achieved remission induction by remission induction therapy and maintained remission for the rest of the observation period.
The secondary endpoints were the number of relapses (the number of relapses per year from enrollment of remission-stage cases or from the first remission introduction after enrollment of active-stage cases, as determined by the person-years method), duration of remission maintenance (the number of days from enrollment of remissionstage cases or from remission induction of active cases until the first relapse or discontinuation), and drug adherence rate.
UC patients who were in the active stage at enrollment or who were in the remission stage at enrollment but experienced relapse thereafter were examined for post-induction dose of oral 5-ASA products to calculate remission maintenance rate separately for patients who received the same dose as used in remission induction or patients who received a reduced dose. In addition, risk factors for relapse were also investigated during the observation period.
Statistical analysis
Ito, et al. have reported 1-year remission maintenance of 76 to 80% with oral 5-ASA products [8] . In the present study, which was an observational study, 1-year remission maintenance rate with oral 5-ASA products was assumed to be 80%. The necessary sample size to provide at least 80% power to detect 5% difference in remission maintenance rate as statistically significant difference at a significance level of α = 0.05 was calculated to be at least 906 patients per group, or at least 1812 patients for 2 groups. As the Guidelines for Treatment of Ulcerative Colitis recommend various dosing regimens of oral 5-ASA products in remission maintenance for UC patients, it is expected that various dosing regimens are actually used in clinical practice. Therefore, assuming that 1812 patients in the 2 largest study groups account for approximately 2/5 (40%) of the overall study population, enrollment of 4530 patients was considered necessary. Although they were expected to visit study sites regularly, the target sample size was set at 5000, allowing for a dropout rate of approximately 10%. Patient baseline characteristics were expressed as actual number and percentage for categorical variables and as mean ± standard deviation (SD) for continuous variables. The data of the endpoints were expressed as mean (±SD). Comparison of remission maintenance rate by drug group was performed using Cochran-Mantel-Haenszel test [9, 10] for the following adjustment factors: age (≤60 years vs. ≥61 years), classification by the extent of lesion, classification by clinical course, smoking habit, concomitant use of drugs for UC other than probiotics/cytapheresis therapy, duration of disease, and duration of remission maintenance until enrollment (0 for patients in the active stage at enrollment). Note that analyses by the extent of lesion and by clinical course were conducted after exclusion of classification by the extent of lesion and classification by clinical course, respectively, from adjustment factors. To identify factors affecting relapse, the following items were analyzed by stepwise selection in the Cox regression model: age, sex, BMI, duration of disease, classification by the extent of lesion, classification by clinical course, smoking habit, drinking habit, complications, concomitant use of infliximab or adalimumab, concomitant use of tacrolimus, concomitant use of an immunomodulator, concomitant use of probiotics, concomitant use of a 5-ASA enema or suppository, drug adherence at enrollment, type of oral 5-ASA products used, daily dose of oral 5-ASA products, duration of remission maintenance until enrollment (0 for patients in the active stage at enrollment), and stool frequency score, bloody stool score, and PGA score at enrollment.
Results
Enrolled patients
A total of 5695 UC patients were enrolled from 379 sites in Japan. Of these, 4155 patients were in the remission stage, and 1540 patients were in the active stage. Of all patients enrolled, 4677 patients were included in the observational study of remission maintenance, and 1018 patients were excluded (Fig. 1 ).
Baseline characteristics
The patient baseline characteristics of 5695 patients enrolled and 4677 patients included in the observational study of remission maintenance are shown in Table 1 . Among the 5695 patients enrolled, oral 5-ASA products used was Pentasa® Tablets in 3023 patients (53.1%), Asacol® Tablets in 2202 patients (38.7%), Salazopyrin® Tablets in 419 patients (7.4%), a generic of any of these drugs in 20 patients (0.4%), combination of oral 5-ASA drugs in 28 patients (0.5%), and not indicated in 3 patients (0.1%). Daily dose of each drug was 250 mg/day to 6000 mg/day for Pentasa® Tablets, 400 mg/day to 4800 mg/day for Asacol® Tablets, and 500 mg/day to 8000 mg/day for Salazopyrin® Tablets.
By stage/dosage, the most frequently used dose of Pentasa® Tablets was >2250 mg/day in both remission stage and active stage (937 patients in the remission stage, 520 patients in the active stage), with 4000 mg/day particularly commonly used (505 patients in the remission stage, 357 patients in the active stage). Asacol® Tablets was administered most commonly at 3600 mg/day both in the remission stage and active stage (741 patients in the remission stage, 488 patients in the active stage). Salazopyrin® Tablets was administered most commonly at 3000 mg/day both in the remission stage and active stage (331 patients in the remission stage, 88 patients in the active stage) (Fig. 2) .
Further analysis by stage/dosage and frequency revealed that Pentasa® Tablets was most frequently administered at 4000 mg/day in 2 divided doses (480 Results of the overall patients included in the observational study of remission maintenance Among the 4677 patients included in the observational study of remission maintenance, the remission maintenance rate at week 52 was 80.2% (95% confidence interval
[CI]: 79.0-81.3). The remission maintenance rate at week 52 by patients who were diagnosed within two years was 78.4%. The time-course of cumulative remission maintenance rate is shown in Fig. 3 . The number of relapses was 0.2 ± 0.5 times/person-year, and the duration of remission maintenance was 311.6 ± 103.5 days.
Remission maintenance rates by concomitant drugs, duration of disease
The remission maintenance rate at week 52 by drug was 82.1% for oral 5-ASA alone, 78.7% for oral 5-ASA + probiotics, and 77.1% for oral 5-ASA + topical 5-ASA. The time-course of cumulative remission maintenance rate for oral 5-ASA alone, oral 5-ASA + probiotics, and oral 5-ASA + topical 5-ASA is shown in Fig. 3 .
The remission maintenance rate at week 52 by patient which was diagnosed within 2 years was 82.0% for oral 5-ASA alone, 73.1% for oral 5-ASA + probiotics, and 74.3% for oral 5-ASA + topical 5-ASA.
Remission maintenance rates by drugs, by dosage and frequency, by the extent of lesion, and by clinical course in real life
The remission maintenance rate at week 52 by drug was 81.9% for Pentasa® Tablets, 78.0% for Asacol® Tablets, and 77.6% for Salazopyrin® Tablets, and 3-group comparison after adjustment for adjustment factors showed no significant difference among the 3 groups (p = 0.1426, Fig. 4a ).
The remission maintenance rate at week 52 by dosage and frequency did not significantly differ between Pentasa® Tablets at 4000 mg/day in 2 divided doses and Asacol® Tablets at 3600 mg/day in 3 divided doses which were bases of the case setting of the present Patients excluded from analysis n = 142
Patients included in analysis n = 4,677 study, or between Pentasa® Tablets at 2000 mg/day in 1 dose and Asacol® Tablets at 2400 mg/day in 3 divided doses, regardless of use of concomitant drugs (other than probiotics) (Fig. 4b, c) .
Comparisons of the remission maintenance rate at week 52 by the extent of lesion and by clinical course also revealed no significant difference between Pentasa® Tablets at 4000 mg/day in 2 divided doses and Asacol® Tablets at 3600 mg/day in 3 divided doses, or between Pentasa® Tablets at 2000 mg/day in 1 dose and Asacol® Tablets at 2400 mg/day in 3 divided doses for either comparison (Fig. 4d, e) .
Remission maintenance rate by the presence or absence of dose reduction after remission had been induced in real life
The number of cases in the active stage at enrollment that achieved remission induction by remission induction therapy and the number of cases in the remission stage at enrollment that had relapse during the observation period and then achieved remission induction by remission induction therapy totaled 1373. Of these cases, dose was not reduced after remission had been induced in 1181 cases (86.0%), supporting the general practice of not reducing dose immediately after remission induction. In the group receiving reduced dose after remission had been induced (dose reduction group) and the group receiving maintained dose (non-dose reduction group), the remission maintenance rate was 83.0 and 81.8%, respectively, showing almost the same values (p = 0.7823, Fig. 5 ).
Factors affecting relapse
The following factors were identified to affect relapse, for patients with those factors at enrollment having a higher subsequent risk for relapse: left-sided colitis Table 2) .
Drug adherence
Drug adherence was 90.5% ± 14.2% (n = 5648) at enrollment, 90.8% ± 13.8% (n = 5, 332) at week 26, and 91.0% ± 13.8% (n = 4984) at week 52, confirming extremely favorable adherence. The drug adherence by dosage and frequency at enrollment was 91.2% ± 13.5% (n = 409) for one dose/day, 90.8% ± 14.6% (n = 2324) for 2 divided doses/day, 90.2% ± 14.0% (n = 2848) for 3 divided doses/day, and 86.6% ± 14.2% (n = 65) for 4 divided doses/day, showing favorable adherence regardless of dosage and frequency.
Discussion
In the present study, 5695 patients were enrolled from 379 sites in Japan. It was confirmed that the distributions of the residential area classification, age, and sex of enrolled patients were almost consistent with those of the Report on Public Health Frequency and Services FY2012 by the Ministry of Health, Labour and Welfare [11] . Compared with the Results of Tabulation of Personal Health Records FY2007 [12] , enrolled patients showed a distribution by classification of clinical course with a slightly higher proportion of the relapse-remitting type and a similar distribution by disease type classification based on the extent of lesion. Furthermore, as compared with the CARE study, conducted in Germany, enrolled patients had longer duration of disease regardless of the classification of disease stage and higher percentage of total colitis in disease type classification based on the extent of lesion; however, the tendency was generally similar [13] . Accordingly, the study population was considered to be representative of the UC patient populations both in Japan and overseas. It was as follows that it was thought for reasons of drop off treatment or follow up.
(1) No visits after enrollment: in the remission stage, self-interruption of the treatment with remission continuing and custom having occurred, in the active stage, selfinterruption by the symptom improvement, the hospital transfer by a symptom not being improved, (2) Remission induced at week 26 and no subsequent data available: self-interruption by the symptom improvement, (3) Oral 5-ASA products discontinued before week 26: changing to treatment except the oral 5-ASA product prescription.
Among 4677 patients included in the analysis population (patients in the remission stage at enrollment and those in the active stage at enrollment who had achieved remission induction), remission maintenance rate at week 52 was 80.2%. A remission maintenance rate of oral 5-ASA alone was slightly high as a result of real life. It was thought that these results had more oral 5-ASA alone the calm patients with symptom.
Also, remission maintenance rate of real life, oral 5-ASA alone, oral 5-ASA + probiotics, oral 5-ASA + topical 5-ASA were higher than the patients which were diagnosed within two years. It was thought to be many ratios of patients that the activity was higher in the patients which were as diagnosed within two years.
By drug, the remission maintenance rate was 81.9% (n = 2520) for Pentasa®, 78.0% (n = 1755) for Asacol® Tablets, and 77.6% (n = 370) for Salazopyrin® Tablets, showing high values for all the drugs. The absence of significant difference in remission maintenance rate among the 3 groups suggests that the type of drug hardly affects efficacy in clinical practice despite the difference in release profile. The lack of significant difference in remission maintenance rate in the comparisons between Pentasa® Tablets at 2000 mg/day in one dose and Asacol® Tablets at 2400 mg/day in 3 divided doses, and between Pentasa® Tablets at 4000 mg/day in 2 divided doses and Asacol® Tablets at 3600 mg/day in 3 divided doses further supported the discussion above.
On the other hand, it was confirmed that patients with remission maintained for 12 months or longer prior to enrollment have a reduced subsequent risk for relapse than those with remission maintained for less than 12 months. Green, et al. reported that annual relapse rate was 35% in patients who newly achieved remission induction after enrollment, compared with 21% in those who had maintained remission since before enrollment [14] . The present study also identified relationship between the duration of remission maintenance and risk for relapse and demonstrated that treatment that enables remission maintenance for at least 12 months leads to a reduction in subsequent risk for relapse. This is of extreme significance in that it determined the approximate desirable duration of remission induction. The reason that female patients tended to be relapse did not unknown. Bitton A, et al. reported that multivariate Cox regression analysis retained greater number of prior relapses in women as predictors of shorter time to clinical relapse. However, there was no significant effect of medication use on the strong interaction between gender (female) and number of prior relapses [15] .
The results of the present study suggested that 12-month or longer continued use of the dose that successfully introduces remission would be an approach to reducing a risk for relapse in treatment with oral 5-ASA products. The comparison between the group receiving reduced dose after remission had been first induced (dose reduction group) and the group receiving maintained dose (non-dose reduction group), however, failed to show definite difference in remission maintenance rate. This is explained as follows: In the present study, the duration of observation was set at 52 weeks from the time of enrollment; therefore, for example, for patients in the active stage at enrollment, the duration required for remission induction was to be included in the duration of observation, resulting in the duration of remission maintenance shorter than 52 weeks. Nevertheless, if in the remission stage at week 52, the cases were judged to have maintained remission, resulting in a failure to demonstrate the difference between the presence and absence of dose reduction after remission had been induced. And we did not conduct sub analysis of endoscopic evaluation. A future long-term observational study starting from the time of remission induction involving endoscopic evaluation will reveal a difference in remission maintenance rate between the presence and absence of dose reduction. The study of possible relationship between relapse and adherence in remission-stage UC patients by Kane, et al. reported that all of the patients with relapse at month 6 of follow-up (12%) and 68% of patients with relapse at month 12 months were non-adherent patients (adherence < 80%) [16] . In addition, Kawakami, et al. reported twice higher risk for relapse in non-adherent patients than in adherent patients [17] , suggesting relationship between reduced adherence and increased risk for relapse. Furthermore, as for the reasons for drug adherence, Kane, et al. cited skipped doses (50%), the large number of tablets (30%), and no need felt (20%) [16] , and Hawthorne, et al. reported involvement of frequent dosing (3 times daily) [18] . Meanwhile, the survey by Kawakami, et al. reported extremely high adherence in Japanese UC patients [17] , and the study by Watanabe, et al. did not provide evidence for the effect of the number of doses [19] . As the reason for high adherence in Japanese patients, Japanese temperament and direct consultation with IBD expert as well as lack of financial concerns thanks to financial support system for UC patients (Research on Measures for Intractable Diseases) have been cited [17] .
The present study confirmed high remission maintenance rate at week 52, which is considered to be attributable to Japanese-unique favorable drug adherence. It would therefore be fundamental to UC treatment to fully convince patients of the importance of drug adherence for reduction in relapse risk even in the asymptomatic remission stage, thereby pursuing enhancement of adherence.
The data of the concomitant medication describe the drug which they used together at enrollment.
